Austenitic stainless steels suffer intergranular attack in boiling nitric acid with oxidants. The intergranular corrosion is mainly caused by the segregation of impurities at the grain. An extra high purity austenitic stainless steel (EHP alloys) was developed with conducting the new multiple refined melting technique in order to suppress the total harmful impurities less than 100ppm. The corrosion behavior of type 310 EHP alloy with respect to nitric acid solution with highly oxidizing ions (boiling 8kmol/m 3 HNO 3 solutions containing 1kg/m 3 Cr(VI) ions) was investigated. The straining, aging and recrystallizing (SAR) treated type 310 EHP alloy showed superior corrosion resistance for intergranular attack than solution annealed (ST) type 310 EHP alloy with same impurity level. Boron segregation at the grain boundary was detected in only ST specimen using a Fission Track Etching method. It is believed that the segregated boron along the grain boundaries in type 310 EHP alloy was one of main factor of intergranular corrosion. The SAR treatment was effective to restrain the intergranular corrosion for type 310 EHP alloy with B less than 7ppm.
Introduction
In a nuclear fuel reprocessing process, spent nuclear fuels from light water reactors are dissolved in boiling nitric acid (HNO 3 ) to separate and recover the fissile materials such as uranium and plutonium from the radioactive fission products. To ensure safety and reliable operation of the reprocessing plant, superior corrosion resistance is required for structural materials of the plant. Austenitic stainless steels generally exhibit good passivity in many HNO 3 solutions and are routinely specified for this duty. In sufficiently oxidizing conditions, however, generated either in strong aqueous solutions of HNO 3 at close to boiling or in solutions incorporating powerful oxidants such as Cr(VI) or Ce(IV), austenitic stainless steels suffer severe intergranular attack and the corrosion rate can become appreciable. The intergranular attack occurs owing to the fact that grain boundaries dissolve much faster than the grain. The intergranular corrosion is an important degradation mechanism of austenitic stainless steels for use in a nuclear fuel reprocessing plant. The intergranular corrosion is caused by the segregation of impurities to grain boundaries and the resultant formation of active sites (1) (2) (3) (4) . Extra high purity type 310 austenitic stainless steel (type 310 EHP alloy) was developed with conducting the new multiple refined melting technique in order to suppress the total harmful impurities (C, O, N, P, S, B, Si, Mn) less than 100ppm (5) . The type 310 EHP alloy showed excellent corrosion resistance even in boiling HNO 3 solution with highly oxidizing ions compared with type 310 ULC (Ultra Low Carbon) which is used in the reprocessing plant (6) . Moreover, immersion tests were conducted using specimens made from several EHP ingots in order to confirm the corrosion properties of type 310 EHP alloy. Unfortunately, only one of EHP ingots showed the susceptibility of intergranular corrosion. The objective of the present study was to confirm a countermeasure, thermomechanical treatment, for improvement of intergranular corrosion resistance of type 310 EHP alloy with respect to HNO 3 solution with highly oxidizing ions, and to clarify the harmful impurities for the intergranular corrosion of type 310 EHP alloy.
Experimental Procedure

Specimen
The development of EHP alloys applied for nuclear fuel reprocessing process materials is required to inhibit the intergranular corrosion in boiling nitric acid solutions with highly oxidizing ions. The intergranular corrosion is mainly dependent on a kind and a quantity of impurities. EHP alloys were melted from high purity Fe, Cr and Ni. To make the purified ingot, the multiple refined melting technique composed of a Cold Crucible Induction Melting (CCIM) and an Electron Beam Cold Hearth Refining (EB-CHR) was used. By these processes, total harmful impurity of EHP alloys is possible to minimize less than 100ppm. Moreover, a thermo-mechanical treatment so-called SAR (straining, aging and recrystallizing) treatment which consists of a cold-rolling of 60%, an aging at 873K for 54ks and recrystallizing at 1073K for 18ks was applied to form the fine grain structure with uniformly dispersed precipitates. Ti as a scavenger element is selected for the SAR treatment.
Type 310 EHP alloys were melted by CCIM from high purity electrolytic Fe, Cr and Ni. Ti was added as a scavenger. And then type 310 EHP alloys were melted by EB-CHR. Table  1 shows the chemical compositions of type 310 EHP alloy measured by a chemical analysis and a glow discharge mass spectrometry (GDMS). Specimens were machined from solution-annealed (ST, 1323K for 3.6ks in air) and SAR treated plates of a type 310 EHP alloy ingot. Specimens of 20mm long, 15mm wide, and 2mm thick were cut from these plates. The surfaces of all the specimens were polished with #1200 emery paper before immersion tests. solution was replaced after each measurement. Surface observation by Scanning Electron Microscope (SEM) was done on the specimens after immersion test to determine the corrosion morphology.
Grain Boundary Analysis
Secondary Ion Mass Spectroscopy (SIMS) was employed in this study to detect the segregation of impurities to grain boundaries. Especially, the segregation of B was observed by a Fission Track Etching (FTE) method (7) .
SIMS analysis was performed on a PHILIPS TRIFT II ion microscope. Ar beam was rastered over an area up to 500µm x 500µm to remove the surface contamination before measurement. The primary beam of Ga + (25kV impact energy, 600pA beam current) was used for detecting elements. The detecting area was about 100µm square. The elements of C, P, S, B and N in the specimen were analyzed by SIMS. FTE has been known very useful analytic technique to investigate the distribution of B. The technique is based on 10 B(n,α) 7 Li nuclear reaction. Polished specimens were mechanically put together with cellulose nitrate film detector (Kodak CN-85 TM ) for close contact, encapsulated in polyethylene container and carried into Japan Research Reactor 3 (JRR-3) by pneumatic transfer system. Irradiation time of the specimen was 20s. The detector film was etched in 2.5N NaOH solution at 313K for 1.8ks after irradiation. Fission tracks on the film detector were recorded by an optical microscope.
Results and Discussion
Microstructures of ST and SAR specimens are shown in Fig.1 . The grain size of ST specimen was 50-200 µm. Some twin structures in the grain were observed. The microstructure of SAR specimen was composed of fine grains (10-50 µm) and recovered structure. The small black dots in the grains were ferrite. The fraction of ferrite in ST and SAR specimens were about 0.8% and 1.2%, respectively.
Examples of the change in weight loss of ST and SAR specimens are shown in Fig.2 for immersion test in boiling 8kmol/m Figure 3 shows the change in corrosion rate during each test interval for both specimens. Corrosion rate of ST specimen increased with time and showed a steady-state tendency after 345ks corresponding to the weight loss curve in Fig.2 , the other was almost constant from initial stage of immersion tests.
An important result was that the corrosion rate of ST specimen was different from that of SAR specimen in spit of the same impurity level. Figure 4 shows SEM observation of both specimen surfaces after immersion tests. The grain boundaries of ST specimen were corroded like a ditch, though the grains were also corroded. The corrosion at grain boundary was severer than that of grains in ST specimens. Moreover, intense corrosion of grain boundary causes the grain dropping from the surface. The weight loss was accelerated by intergranular corrosion. This was the severest corrosion morphology. On the other hand, the grain boundaries surrounding each grain of SAR specimen did not dissolve selectively and the grain was corroded with a crater-shaped form. The difference in corrosion morphology corresponded to the corrosion rate at the steady-state region in Fig.3 .
To clarify the difference in corrosion morphology, the segregation of impurities at grain boundaries was investigated by the SIMS. Figure 5 illustrated primary ion image, and C, P, S, B and N images of ST specimen. None of these elements was clearly observed to segregate at grain boundaries in the present work. Signals from these elements were uniformly detected from the grain. Especially, signals from B were hardly detected by the analyses since B content was less than 1ppm. So, the distribution of B was observed by the FTE method. 
